The response of cAMP
The kidney is known to be a target organ. for antidiuretic hormone (ADH), parathyroid hormone (PTH), calcitonin (CT) and some other hormones. These peptide hormones after binding to their specific receptors activate adenylate cyclase, which produces cAMP known as a second messenger (Orloff and Handler, 1962; Chase and Aurbach, 1968; Marx et al., 1972; Bockaert et al., 1973) . cAMP production through this process has been used as a parameter of hormone actions on the kidney using cell homogenate (Chase and Aurbach, 1968) , plasma membranes (Dousa et al., 1971; Bockaert et al., 1973; Roy et al., 1975) , tissue slices (Beck et al., 1971 ) and cell sus-HATANO et al.
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However, it has been rather difficult to observe the hormone response at physiological concentrations of hormones in the blood plasma because of the low sensitivity of these methods. In the present study, it was found that cAMP production in monolayer cultured rat renal cells was stimulated by both ADH and PTH at their physiological concentrations. 
Results
Changes in renal cells during long-term culture The cells in suspension started to form a monolayer after several hours of plating. Most of the cell fragments and red blood cells were removed by the medium change carried out on the day following the plating. After 2 days of plating, only viable cells showed stable confluent attachment to the floor of culture dishes. When the cells in the monolayer after 2 days of culture were viewed with a phase-contrast microscope, the boundaries were distinct and they were of a cuboidal shape and epithelial nature. Usually fibroblasts were not obvious during the first 24 hours of culture, but as the culture aged, they gradually increased. Changes in protein content during the culture were examined every 2 days until day 8. Both in renal medullary and cortical cells, the protein content greatly increased as culture progressed with the peak on day 6 (Table 1) . On the other hand, while basal cAMP changed with the protein content, cAMP response to 10 min exposure to 10-8 M AVP in renal medullary cells (Fig. 1 ) and that to PTH in renal cortical cells (data not shown) decreased progressively from day 2 to day 8 of the culture. From these results, in the present study experiments were carried out utilizing day 2 cells.
Time course of cAMP response to AVP and PTH After 2 days of culture, the renal medullary cells were incubated with 10-9M AVP (1ng/ml) and both intracellular and extracellular cAMP were sequentially measured ( Fig. 2A) .
Intracellular cAMP peaked after 10 min and thereafter it declined. Extracellular cAMP increased almost linearly up to 120 min.
In the control dishes, intracellular cAMP did not change up to 120 min, while extracellular cAMP increased slightly after 120 min. intracellular cAMP was utilized as the parameter and 10 minute exposure was chosen for hormone stimulation. The intracellular cAMP response of renal medullary cells to AVP was compared in the presence or in the absence of 0.25mM MIX.
The pattern of the response was similar in both conditions, and either with or without MIX, AVP elicited an increase in cAMP dose-dependently between 10-9M and 10-6 M.
However, with MIX, the amount of cAMP was several times greater than without it (data not shown). Therefore, 0.25 mM MIX was routinely uilized. to AVP (Table 2 ) . Both ADH analogues LVP and DDAVP stimulated cAMP production, but the potency of LVP was less than that of AVP, while DDAVP showed greater potency than AVP.
On the other hand, oxytocin, hPTH and bPTH at this concentration did not stimulate cAMP appreciably , while eCT strongly stimulated cAMP production . 
Discussion
In order to investigate ADH and PTH actions on the kidney, cAMP response in various tissue preparations has been used as a parameter for hormone actions. Up to the present, most of these investigations were performed using supraphysiological hormone concentrations.
However, it is occasionally difficult to apply the results obtained by employing hormones at a supraphysiotogical concentration to physiological conditions (Plager and Matsui, 1966; Jackson and Lowry, 1983) . Accordingly, the present study attempted to establish a system in which cAMP response is sensitive enough to ADH and PTH at a physiological concentration.
Regarding sensitivity to hormones, renal medullary cells in monolayer culture responded to 10-12 NI of AVP (1pg/ml) with a significant increase in cAMP production. (Pugliese et al., 1983) and is superior to those employing plasma membranes (Dousa et al., 1971; Bockaert et al., 1973; Roy et al., 1975) , slices (Beck et al., 1971; Campbell et al., 1982) , cell suspension (Michelakis, 1970) and dispersed cells (Katayama et al., 1982) . et al., 1976; Nissenson et al., 1979; Segre et al., 1979) , slices (Chase, 1975; Nagata et al., 1978) to interpret the hormone-stimulated cAMP production as their in vivo physiological effects. Though the cAMP response due to various ADH analogues agrees with their in vivo physiological potencies, high with DDAYP and low with LVP, the cAMP production may simply express their relative affinity to ADH receptors in the medullary cells. Antidiuretic potencies of ADH analogues in vivo could be influenced by various factors such as (I) extrarenal effects due to changes in hemodynarnics by these analogues (virtual elimination of vasopressor activity in DDAVP; Cort et al., 1975) , (2) other intrarenal effects like prostaglandin synthesis, which modulates ADFI action (Orloff and Zusman, 1978) and (3) the different metabolic rate of each analogue in the plasma (Self et al., 1978) . in addition, the potency of antidiuretic activity differs from species to species and the dose-response relation varies even in the same species. While Roy et al. (1975) and Butlen et al. (1978) reported a parallelism between cAMP response in vitro and their antidiuretic activity in vivo, Christensen et al. (1978) reported their dissociation in the rat. Therefore caution should be exercised in interpreting the results as showing a direct relationship between the results of cAMP response obtained by ADH analogues and physiological potency in vivo. The system employing rat renal cells in monolayer culture is technically simple and highly sensitive to ADH and PTH. Therefore, this system seems to provide a useful tool to study the mechanism of these hormone actions and may be used for bioassay of these hormones.
